Sleep restriction (SR) impairs short term memory (STM) that might be related to different processes. Neuropeptide S (NPS), an endogenous neuropeptide that improves short term memory, activates arousal and decreases anxiety is likely to counteract the SR-induced impairment of STM. The objective of the present study was to find common cerebral pathways in sleep restriction and NPS action in order to ultimately antagonize SR effect on memory. The STM was assessed using a spontaneous spatial alternation task in a T-maze. C57-Bl/6 J male mice were distributed in 4 groups according to treatment (0.1 nmol of NPS or vehicle intracerebroventricular injection) and to 20 h-SR. Immediately after behavioural testing, regional c-fos immunohistochemistry was performed and used as a neural activation marker for spatial short term memory (prefrontal cortex, dorsal hippocampus) and emotional reactivity (basolateral amygdala and ventral hippocampus). Anxiety-like behaviour was assessed using elevated-plus maze task. Results showed that SR impaired short term memory performance and decreased neuronal activation in cingular cortex.NPS injection overcame SR-induced STM deficits and increased neuronal activation in infralimbic cortex. SR spared anxiety-like behavior in the elevated-plus maze. Neural activation in basolateral nucleus of amygdala and ventral hippocampus were not changed after SR.In conclusion, the present study shows that NPS overcomes SR-induced STM deficits by increasing prefrontal cortex activation independently of anxiety-like behaviour. 
Introduction
The sleep debt is associated with performance decline in cognitive functions, such as attention, vigilance and alertness in humans (Dinges et al., 1997; Durmer and Dinges, 2005; Mander et al., 2008) and animals (Christie et al., 2008; Córdova et al., 2006) . In human, even a moderate sleep debt is sufficient to alter prefrontal cortex (PFC) functions (Chee and Chuah, 2008) . Consequently, the short term memory (STM) (Smith et al., 2002) and the executive functions (Chee et al., 2006; Killgore et al., 2006; Menz et al., 2013) are impaired by one night sleep restriction (SR). After 24-h sleep deprivation, PFC metabolic activity is reduced (Thomas et al., 2000) , while the performances on tasks requiring complex cognitive processing are impaired (Thomas et al., 2003) . The critical neuronal circuits involved to sub-second attention processes could explained such a sensitivity (Smith et al., 2002) . Such abnormalities after SR are also observed in animals (Alkadhi et al., 2013) . Indeed the spatial memory (Guan et al., 2004) , the use of spatial cues linked to STM (Hagewoud et al., 2010) , and the contextual fear memory are altered by sleep deprivation (Kumar and Jha, 2012; Pace-Schott et al., 2009) . Moreover, sleep deprivation occurring just before training impairs the learning phase, leading to memory deficits (Patti et al., 2010; Pinho et al., 2013) . Furthermore, sleep loss alter the functioning of all areas involved in learning, memory and emotion such as the hippocampus (HPC), amygdala (AMG) and prefrontal cortex (PFC) (Graves et al., 2003; Hagewoud et al., 2010; Pinho et al., 2013; Silvestri, 2005; Vecsey et al., 2009) . Altogether, it suggests that STM and its spatial memory correlates would be impaired by a night of sleep deprivation.
The endogenous neuropeptide S (NPS) is a 20 amino-acid peptide binding selectively to its G-coupled protein receptor: the NPS receptor (NPSR) (Reinscheid et al., 2005) . The activation of NPS/NPSR system induces arousal and wakefulness (Xu et al., 2004; Zhao et al., 2012a Zhao et al., , 2012b , hyperlocomotion (Boeck et al., 2010a; Castro et al., 2009 ) and decreases anxiety (Chauveau et al., 2012; Jüngling et al., 2008; Leonard et al., 2008; Rizzi et al., 2008; Xu et al., 2004) . The NPS precursor mRNA is expressed by a cluster of neurons located between the locus coeruleus and the Barrigton's nucleus, whereas the NPSR mRNA is widely distributed in several brain areas such as: amygdala, endopiriform cortex, cingulate cortex, hypothalamus, subiculum and nuclei of the thalamic midline (Xu et al., 2007 (Xu et al., , 2004 . Especially, a strong NPSR mRNA expression is observed in the hippocampus (HPC), either in the input regions (i.e., the lateral entorhinal and endopiriform cortex) or in the output ones (i.e., subiculum structures posterior and parahippocampal regions) (Xu et al., 2007) . Since these structures are involved in spatial memory (Lynch, 2004) , it is not surprising that the activation of the NPS/NPSR system enhances spatial memory (Han et al., 2014; Han et al., 2013; Lukas and Neumann, 2012; Okamura et al., 2011) . Although known to be involved in memory and anxiety, NPS also modulates the physiology of sleep-wake rhythms. Indeed, NPS administration increased waking time decreasing slow wave sleep (Adori et al., 2015 (Adori et al., , 2016 Ahnaou and Drinkenburg, 2012; Camarda et al., 2009; Oishi et al., 2014; Xu et al., 2004) probably activating wake brain centers of the posterior hypothalamus (Zhao et al., 2012a (Zhao et al., , 2012b and/or inhibiting sleep brain center of the anterior hypothalamus (Adori et al., 2016) . However, the effect of NPS on short term memory after sleep restriction is not known.
The present study was therefore designed to assess whether (i) NPS alters the STM using spatial information and, (ii) NPS normalizes the SR-induced deficit in STM, (iii) NPS effect on neural activity of brain areas involved in spatial short term memory such as prefrontal cortex and hippocampus. To achieve this aim, mice were submitted to a STM task based on spatial spontaneous alternations in a T-maze (Deacon and Rawlins, 2006; Lalonde, 2002) . The effect of a 20 h of SR associated or not with an intracerebroventricular (ICV) injection of NPS was evaluated on both the behavior and subsequent brain area activation using c-fos immunohistochemistry procedure on brain slices. SR effect on anxiety-like behavior was also tested using elevated-plus maze behavioral task.
Experimental procedures

Animals
We tested 102 inbred C57 Bl/6Jmale mice, 10-12 weeks old, purchased from Charles Rivers Laboratories France(L'Arbresle, France).Sixty four mice submitted to the spontaneous alternation test were randomly distributed in to 4 groups according to their conditioning (sleep restriction (SR) or not (NSR) and treatment Neuropeptide S (NPS) or vehicle (Veh): SR-Veh (n=16), SR-NPS (n=16), NSR-Veh (n=16), and NSR-NPS (n=16). The mice submitted to the Elevated Plus Maze (EPM; n=38) were also distributed into similar groups: SR-Veh (n=9), SR-NPS (n=8), NSR-Veh (n=9), and NSR-NPS (n=12).
The mice were housed individually (L Â l Â H = 332 Â 150 Â 130 mm) in a temperature and humidity controlled room (2271 1C and 5075%) under a 12 h light-dark cycle (light onset: 08 h am; offset: 08 h pm). They had an ad libitum access to food and water. They were kept in collective cages (5 mice/cage; L Â l Â H=425 Â 266 Â 185 mm) during the 2 weeks preceding surgery. All tests were carried out during the light phase period (10 h am). The design of the investigation is described Figure 1 . The experiments were performed in agreement with the new european communities council guidelines (Directive 2010/63/EU) and approved by an ethical board (Health Department of French Defence Ministry; authorization number Chauveau11À 05).
Surgery
Mice were anesthetized by intra-peritoneal injection of a 100 mg/ kg ketamine and 10 mg/kg xylazine solution (injected volume: 0.1 ml/10 g body mass). Once profoundly anesthetized, the mice were placed in a stereotaxic frame (Koft intruments) and a cannula guide (PlasticOne s , USA)was implanted in the lateral ventricle (bregma as a reference: anterior-posterior, À0.5 mm; lateral, +1 mm; vertical, À 1.2 mm beneath the surface of the skull (Paxinos and Franklin, 2001) . The infusion cannula extended 1 mm beyond the tip of the guide cannula. The guide cannula was secured on the skull using one screw and dental cement. The surgery was followed by a week of recovery. After completion of experiments, the placement of the cannula was checked by histological examination and 14 mice were excluded from the investigation for having misplaced ICV cannula.
Drug administration
The mouse NPS (Polypeptide Laboratories s , Strasbourg, France) was dissolved insalinesolution (NaCl 0.9%). A 5 ml Hamilton s syringe (Dutscher s , Brumath, France) was mounted on a microdialysis pump with 5075 cm catheter tube for ICV administration. The vehicle or 0.1 nmolof NPS solution (volume: 0.2 ml) were injected within a 1 min period, the infusion cannula remaining in place for 1 min after infusion to allow drug diffusion. The drug administration was carried out in freely moving animals, after 20 h of SR and 30 min before the behavioral experiment.
Alternation task
The behavioral tests were conducted in an opaque grey PVC T-maze. Stem and arms were 35 cm long, 15 cm wide and surrounded by a 10 cm high wall. The starting box (10 cm Â 12 cm) and each goal-arm box were separated from the central lane by a vertical sliding door, with opening and closing monitored by a computer (Imetronic s , Pessac, France). Photoelectric cells allow mice tracking along the maze and the recordings of both the chosen goal-arm (left or right). The T-maze was placed at the center of a room with allocentric cues (white or black or striped card boards) on the walls at 1 m high. The testing condition in the maze was under controlled 30 lx lighting.
The STM was tested using a behavioral task based on spontaneous alternation behavior from one trial to another one (Deacon and Rawlins, 2006; Lalonde, 2002) . From trial to trial, accurate performance at a given trial (N) requires to be able to discriminate the specific target trial N-1. STM is a component of the sequential alternation task as the spontaneous alternation rates depends on the duration of the inter-trial interval (ITI) delay, and/or the place of the trial in the series. In addition, repetitive testing constitutes a potent source of proactive interference. The sequential alternation procedure is therefore relevant to assess the delay-dependent STM in mice (Beracochea and Jaffard, 1985; Chauveau et al., 2014; Deacon and Rawlins, 2006; Vandesquille et al., 2013) .
During the habituation phase (Figure 1 ), the animals explore the apparatus with all doors opened during 10 min. The 2 free explorations were carried out on 2 consecutive days (D-1 and D0).After the habituation phase, the mice were submitted to a training phase (D1) aiming to familiarize mice with the opening and closing of the doors. The training phase was made with6 successive trials separated by a 30 s ITI (1 to 5) and a 5 s ITI (5 to 6). Mice were excluded after D1 phase if they did not show alternation score below chance level (around 1/10 mouse). Thereafter began the experimental phase (D2) based on the same procedure than training. The experimental phase was carried out immediately after the end of the SR phase. The mouse was placed in the start box. After a 30 s ITI period, the door opened to the stem arm of the maze. Once the mouse entered in one of the arms, the door closes. After a 30 s confinement period in the chosen arm, the mouse was gently returned to the start-box for a second trial, identical to the preceding one. At the end of the session, the apparatus was carefully clean up with a 5% ethanol solution in order to avoid any olfactory cues. The alternation rate in percentage was calculated according to the performance along the 5 consecutive trials (0% of performance if no alternation, 20% if one, 40% if two, 60% if three, 80% if four, 100% if five).
Elevated plus maze
The elevated plus maze (EPM) is made of grey PVC, consisted of four arms arranged in the shape of a plus sign. Each arm was 30 cm long, 7 cm wide and elevated 38 cm above the ground. The four arms were joined at the center by a 7-cm square platform. Two opposite arms of the plus maze were "closed" by sidewalls 24 cm high, but open on the top, while the remaining arms did not have sidewalls. Light intensity was controlled before experiment (100 lx in open arms; o10 lx in closed arms). These walls did not extend from the center of the maze. At the beginning of each test, mice were placed on the center of the maze and were allowed to freely explore all arms of the maze for 5 min. At the end to the test, the apparatus was carefully clean up with a 5% ethanol solution.
Behavior was recorded by video tracking system (Viewpoint were used to measured anxiety-like behavior. Thus, the smaller are these values, the more "anxious" is the mouse. This experiment was performed in animals being either non sleep restricted, or having been submitted to h-sleep restriction procedure, as described below. Behavioral testing occurred immediately after the end of the sleep restriction phase as for short term memory experiment.
Sleep restriction procedure
The sleep restriction was done using a shaker apparatus (Plexiglas cylinder, diameter 30 cm, 45 cm height) that prevent sleep occurrence by transient up and down movements (20-40 ms, 1 cm height).A sequence of stimulation was built by randomizing the number of stimulations (3-5), the delay between 2 stimulations (100-200 ms). Each sequence of stimulations was randomly administered (10-30 s interval) for 20 consecutive hours. The stimulation schedule was controlled using dedicated software (Viewpoint s , Lyon, France). This sleep restriction protocol was previously validated using electrophysiological recordings and polysomnographic analysis (Chauveau et al., 2014 ).
Immunohistochemical procedure
The mice were deeply anaesthetized (ketamine 200 mg/kg + xylazine 20 mg/kg; injected volume: 0.2 ml/10 g body mass) 90 min after the beginning of alternation test. When profoundly anesthetized, the mice were perfused into aorta with25 ml NaCl 0.9% followed by 25 ml paraformaldehyde 4% solution to fix tissue before the brain removal. The fixed brains were cut in 50 mm frontal sections using a vibratome (Leica s 1600S, Germany).The brain slices were entirely incubated into a bath containing a primary antibody specific of c-fos protein (ref. Thereafter, colored brain slices were mounted on microscope slides and cover glass. Photomicrograph of brain slices were numerised and regions of interest (ROI) were manually selected by an expert and blind (to the treatment) person using CCD camera coupled to microscope. The immunopositive cell muclei were automatically quantified using the spot detector module on the free Icy platform v1.6.0.1, an image analysis software developed by De Chaumont et al. (2012) . The analysis were supervised to brain areas involved in spatial short term memory: prefrontal cortex (PrL for prelimbic area, Il for infralimbic area, Cg 1-2 for cingular cortex 1 and 2) and hippocampus (DGd/v for dorsaland ventral part of dentate gyrus, CA1-CA3d/v for dorsal and ventral CornuAmmonis 1/ 3); emotional reactivity: the basolateral nuclei of amygdala (AMG). The count of c-fos-immunopositive cells was carried out in each area in both the right and left sides (see Supplementary Table 1 for anatomical coordinates). Since no difference was observed between both sides and anterior-posterior coordinate, the number of cells in the same ROI was calculated as a mean value.Antero-posterior distance of two serial slices from the same brain area were minimally of 100 mm to avoid overcounting (neuronal nucleus size: 13 mm; Guillery, 2002) . Values are expressed in positive cells/ mm27s.e.m. relative to naive controls (%) for each respective brain area (Figure 3) and raw data are shown on Supplementary Table 1.
Statistics
Statistical analysis was performed using Statistica 7.1 software. Comparisons to the chance level (50% alternation for the T-maze experiment) were carried out using one-sample t-test. Data were expressed as mean7s.e.m. Comparisons between D1 and D2 behavioral tests were carried out using paired t-tests. Comparisons among groups were carried out using a two-way factorial analysis of variance (ANOVA) with sleep restriction (SR effect), a NPS treatment (NPS effect) effects and interaction. If necessary, the ANOVA tests were followed by Newman-Keuls post-hoc tests for multiple comparisons. The significance level was set at po0.05. Correlations between behavioral performance and Fos expression in single brain area (simple correlation) were done using Spearman correlation tests. C-fos activation between brain areas (neural network activity; multiple correlations; Supplementary Tables 2-5) were done using Spearman correlation tests with the significant threshold adjusted with Bonferonni correction at po0.0045 (for n=12 comparisons -1).
Results
Spontaneous alternation test during the training phase (baseline)
During the first 6 trials (D1) practiced with a 30 s-ITI (Figure 2A 
Spontaneous alternation test after sleep restriction
During the first 6 trial of the experimental phase (D2, 30 s-ITI, Figure 2A observed among groups. The performance remained however above the chance level only for the NSR-NPS group (p= 0.0261).Comparison between D1 and D2 performances within each experimental groups showed a significant decrease of performance only in the SR-Veh group for the first 6 trials (p= 0.000001). Overall, spontaneous alternation deficits observed when inter-trial is long (30 s) but not short (5 s) suggest that SR impaired short term memory process and NPS injection overcame the SR-induced STM deficits.
Brain activation after spontaneous alternation
Fos activation (positive cell counts / mm2 in % relative to naive animals) in different animal groups are shown Figure 3 and raw data in Suppl. Table 1 . Surface of region of interest were highly homogenous between brain slices and no significant variation were found among groups (see Suppl. material for raw data and statistics).
For the prefrontal cortex, NPS treatment increased c-fos immunostaining only in infralimbic area (NPS effect, F(1,46) =24.69; p=0.00001 with NSR-Veh vs. NSR-NPS: p=0.000470 and SR-Veh vs. SR-NPS: p=0.0128). In contrast, sleep restriction effect decreased Fos activation only in cingulate cortex (Cg1 and Cg2 areas)(Cg1(F(1,46)=15.67; p=0.000239 with NSR-Veh vs. SR-Veh: p=0.0199 and NSR-NPS vs. SR-NPS p=0.0194); Cg2 (F(1,46)=4.45; p=0.039)) without any NPS injection effect in both areas. No significant interaction between NPS injection and SR treatment was found for Cg. No major effects were noticed into the hippocampus areas, except for the DGd area. In that area, the sleep restriction increased the number of immunopositive cells (sleep effect: F(1,46)=4.234; p=0.0446 with NSR-Veh vs. NSR-NPS: p=0.0242; NSR-NPS vs. SR-NPS: p=0.0226 and NSR-NPS vs. SR-Veh: p=0.0109). No differences among groups were observed in the amygdala.
Simple correlations between behavioral performance and c-fos expression in single brain area and were calculated for all brain areas in all animal groups (data not showed). Negative correlations were found in the NSR-Veh group between alternation performances and the number of c-fos immunopositive cells in the CA1v (R= À0.6607; p=0.0193), CA3v (R= À0.5937; p=0.0418), DGv (R= À0.6710; p=0.0169), and AMG (R= À0.6467; p=0.0231). In contrast, for SR-Veh group, strong negative correlations were found between D2 performance (45.074.7% of alternation) and its number of c-fos immunopositive cells in the Prl (R= À0.9166; p=0.0002), the Il (R= À0.6990; p=0.0245), the Cg1 (R= À0.7685; p=0.0094) and the CA3d (R= À 0.6748; p=0.0323) areas. No such a correlation was observed in the NPS-injected groups (NSR and SR). Overall, SR spared anxiety-like behavior in the EPM behavioral task whereas icv NPS injection resulted in anxiolytic effect.
Discussion
The main finding is that 20 h-sleep restriction (SR) impaired short term memory (STM) and spared anxiety-like behavior confirming our previous data (Chauveau et al., 2014; Pierard et al., 2007) . STM impairments induced by SR were overcome by central NPS injection done just before alternation testing. Although behavioral performance were not closely correlated to Fos expression into single brain area, NPS injection increased the activation of the infralimbic cortex.
The effect of sleep restriction on short term memory and emotion
The 20h-SR is followed by an alteration of the STM (Chauveau et al., 2014; Pierard et al., 2007) when ITI is long (30 s) but not when ITI is short (5 s). Thus, neither a loss of motivation for alternation, nor from sensory-motor impairments could be responsible for the decrease of STM performance of vehicle-treated animals after sleep restriction. Decrease of STM capacity span due to SR could explain these results: 5 s ITI would be enough to hold the memory of the previous maze arm visited into STM and then perform successful trial despite the SR; whereas 30 s ITI would interfere with this memory because of the SR-induced impairment and then decreased the spontaneous alternation score.
The anxiety level in rodent is known to decrease the STM performance in the spontaneous alternation task (Lalonde, 2002) . However, in the present work, sleep restriction spared anxiety-like behavior evaluated by distance and time spent in the open arms of the EPM. Several studies in different animal models suggested that rapid eye movement sleep deprivation and total sleep deprivation increased anxiety-like behavior (Pires203; Vollert2011; Xu2010). Two main hypotheses could explain those discrepancies. First, anxiety-score was evaluated in the present study using elevated-plus maze behavior. Probably EPM test in our experimental condition (using black arms and 100 lx brightness in the open arms), using exploratory behavior and other behavioral markers (risk assessment; head dipping in the open, arms; not shown) were not enough sensitive to reveal sleep restriction induced-anxiogenesis. Secondly, sleep restriction were used in the present study in contrast to more drastic sleep deprivation in other studies. Indeed, sleep restriction paradigm here spared some residual slow wave sleep (9.2%; Chauveau et al., 2014) whereas sleep deprivation totally suppressed sleep stages using gentle handling (Pires et al., 2013) or treadmill exercise (Xu et al., 2010) . Finally, a recent meta-analysis including 50 articles suggested that sleep deprivation induced a decrease of anxiety-like behavior in preclinical models, which is opposite to results observed in human settings. To conclude, new experimental tools are needed to properly evaluate sleep deprivation-induced anxiogenesis in rodents (Pires et al., 2013) .
Moreover, c-Fos expression in the amygdala, a major emotional brain area, was not altered after SR nor NPS injection. Negative correlations were detected between behavioral performance and Fos expression in CA1v, CA3v, DGv and AMG in NSR vehicle animals. These four brain areas being involved in emotional reactivity, the present data suggest that sleep restriction and anxiety engaged dissociated neural networks. Overall, it is therefore unlikely that anxiety explained the SRinduced decrease of STM performance.
Alternatively, a SR-induced impairment of prefrontal cortex activity may partly explain the alteration of cognitive capacity observed through the decreased STM performance (Chauveau et al., 2014; Hagewoud et al., 2010) . The c-fos immunohistochemistry study, used as a relevant indicator of neural activity (Herrera and Robertson, 1996; Sheng and Greeberg, 1990) , agrees with that conclusion: first, the Il and Prl regions are involved in processing STM information, managing short-term interference and processes of attention (Dalley et al., 2004; DeCoteau et al., 2009; Delatour and Gisquet-Verrier, 2000; Granon et al., 1994; Kesner et al., 1996; Kesner and Churchwell, 2011; Ragozzino, 2002) . In agreement, mPFC lesions of rodents impaired STM in the spatial alternation task (Maddux and Holland, 2011; Vandesquille et al., 2013) . Although SR did not modified c-fos immunostaining in the Prl and Il areas in vehicle animals, negative correlations between their expression and behavioral performance was observed only in SR vehicle group. This result suggests that SR impaired STM by altering prefrontal cortex activity. Second, theCg1 and Cg2 areas are involved in STM, conflict detection (Haddon and Killcross, 2006) and attention processes (Han et al., 2003) . In NSR group, in which the alternation performance between D1 and D2 was maintained, a correlation of Fos expression between Cg1 and Cg2 was observed (Suppl. Table 2 ). It suggests that these structures intervene for successful STM performances. Further, lesions of Cg region were described to lead to transient impairment of complex memory retrieval (DeCoteau et al., 2009) . Furthermore, SR caused a decrease Cg1/Cg2 c-fos + expression below control levels (de-activation), which would involve the loss of STM performance of the SR-Veh group. Lastly, the PFC described to manage working memory (Dalley et al., 2004; DeCoteau et al., 2009; Delatour and Gisquet-Verrier, 2000; Granon et al., 1994; Kesner et al., 1996; Kesner and Churchwell, 2011; Maddux and Holland, 2011; Ragozzino, 2002; Vandesquille et al., 2013) and the HPC needed for spatial memory, interact during the execution of STM tasks , and particularly the HPC-PFC pathway was described to enhanced STM performance (Burette et al., 2000) .We did not detect any change in Fos expression into the HPC suggesting that STM in the present study might be related to alteration of neural processing into the PFC.
The effect of NPS injection on short term memory and emotion
The injection of NPS in mice was followed by a decrease in anxiety-like behavior as evidence by the increase in time spent and distance covered in the open arms of the EPM (Dawson and Tricklebank, 1995) . This is congruent with other reports (Leonard et al., 2008; Rizzi et al., 2008; Xu et al., 2004) , although the well-known increase locomotor activity (Boeck et al., 2010b; Castro et al., 2009) was not observed here. Furthermore a decrease in locomotion, in the NSR-NPS group, was observed in the closed arms, which was interpreted as a protected exploration activity factor linked to the global locomotion rather than emotion (Wall and Messier, 2000) .This result can be explained the fact that NSR-NPS group spent most of their exploratory activity onto the open arms of the EPM. The immunostaining study revealed that NPS injection did not activated the Cg regional although NPSR expressed in this PFC area (Xu et al., 2007) . This suggests that c-fos activities of Cg regions were mainly influenced by the STM task requiring attention (Han et al., 2003) , rather than NPS activation through its receptors. Conversely, the enhanced c-fos activity in the DGd area of NSR-NPS mice is likely to be an indirect effect as NPSR is not expressed in DGd (Xu et al., 2007) .The presence of NPSR expressed in entorhinal cortex /subiculum (Xu et al., 2007) , major input/output areas of this region, could be responsible to the activation observed in the DGd. More, hippocampal activation, through an increase of HPC theta frequency, was described to be a biomarker of anxiolytic effect (Chee et al., 2014; McNaughton et al., 2007) . Therefore, it suggests that this HPC activation by NPS would be related to the anxiolytic-like effect observed in NPS treated mice (Dine et al., 2013) .
The effect of NPS injection on short term memory and emotion after sleep restriction
The present study showed that injection of NPS just after SR overcame STM impairments whereas such NPS effect in the EPM task had not be found. This result suggests that NPS induces dissociated effect on STM (improvement) and anxiety-like behavior (no effect) after SR. Interestingly, sleep restriction and NPS injection also produced dissociated effect on c-fos brain activity. Indeed, we observed a reduction of c-fos labelling in Cg areas after SR although the NPS injection significantly increased c-fos expression in the Il area of the mPFC region (in both NSR-NPS and SR-NPS groups). Infralimbic cortex has being involved in STM processing (Delatour and Gisquet-Verrier, 2000; Granon et al., 1994; Kesner et al., 1996) suggests that pro-cognitive effect of NPS injection after SR would be due to c-fos activation specifically in this brain area.
As NPS receptor mRNA is not expressed in Il cortex, the neurobiological mechanism of NPS-underlying Fos activation is yet to be determined. Fostering dopaminergic release is one of the NPS action in prefrontal cortex (Si et al., 2010) . However, this hypothesis might be excluded because sleep deprivation also causes central dopamine release (Andersen et al., 2005; Zant et al., 2011) and excessive dopamine release after sleep deprivation or stress exposure correlates prefrontal cortex function deficits (Arnsten, 2000; Volkow et al., 2009) . Sleep deprivation also selectively impairs 3′, 5′-cyclic AMP (cAMP)-and protein kinase A (PKA)-dependent forms of synaptic plasticity in the hippocampus (Vecsey et al., 2009) . Therefore, one cannot exclude the hypothesis suggesting that NPS, by activating AMP-PKA intracellular signalling pathway through Gs coupled-NPS receptor (Xu et al., 2004) , might prevent SR-induced alterations of prefrontal cortex activity. Interestingly, sleep deprivation results in noradrenaline release (Andersen et al., 2005; Bellesi et al., 2016; Leger et al., 2009 ) and NPS selectively inhibits the release of noradrenaline from frontal cortex (Raiteri et al., 2009) . As excessive noradrenaline is also known to provoke specific prefrontal cortex alterations of activity (Arnsten, 2000) , STM deficits in the present study might be induced by SR-induced excessive noradrenaline release in the PFC. Overall, SR-induced STM deficits might be alleviated by NPS injection through a decrease of noradrenaline release and/or through an increase of cAMP-PKA dependent intracellular pathway.
By and large according to the present data, fostering prefrontal (infralimbic) cortex activation might be the neural mechanism explaining the protective effect of NPS on STM impairments after SR. This mechanistic hypothesis needs to be further tested using interventional approach such as electrical stimulation and optogenetic control of neural activity or pharmacological studies to specify intracellular pathways.
Conclusion
Sleep restriction impaired spatial STM as assessed by the spontaneous alternation task, spared anxiety-like behaviour and de-activated cingular cortex. An acute NPS injection just after SR and before the task overcame the SR-induced STM deficits, induced anxiolysis and increased infralimbic cortex activation. Overall, the present study shows that NPS icv injection overcomes SR-induced STM deficits by increasing prefrontal cortex activation independently of anxietylike behaviour.
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